
RESEARCH OBJECTIVES
The objective of this work is to increase our understanding

of coupled thermal-hydrological-mechanical (THM) processes
in unsaturated welded tuff, and to test a
numerical simulator used for analysis of
coupled THM effects at a proposed future
geological nuclear waste repository at
Yucca Mountain. 

APPROACH
A numerical simulation of coupled

multiphase fluid flow, heat transfer, and
mechanical deformation was carried out
to study the coupled THM pro c e s s e s
involved in the Yucca Mountain Drift
Scale Test (DST). Coupled THM process-
es, and the capability of the numerical
simulator, TOUGH-FLAC, to model rele-
vant coupled THM processes at the DST,
were studied by comparison of numerical
results to in situ measurements of temper-
a t u re, water saturation, displacement,
and fracture permeability. Of particular
relevance in this study are thermally
induced rock-mass stress and deforma-
tions, with associated changes in fracture
aperture and fractured rock permeability.

ACCOMPLISHMENTS
T h rough the numerical analysis and by

comparison to measured THM re s p o n s e s
at the DST, an increased understanding of coupled THM pro c e s s-
es in unsaturated fractured welded tuff was achieved. The gener-
ally good agreement between simulated and measured tempera-
t u re, displacement, and changes in air permeability (Figure 1)
indicated that the numerical model and underlying conceptual
model were appropriate for simulating relevant coupled THM
p rocesses at the DST. Specifically, thermally induced ro c k - m a s s
deformation and accompanying changes in fracture permeability
w e re reasonably well predicted using a continuum elastic model,
although some individual measurements of displacement and
permeability indicated inelastic mechanical responses. It is con-
cluded that fracture closure/opening caused by a change in ther-
mally induced normal stress across fractures is an important
mechanism for changes in intrinsic fracture permeability at the

D S T, whereas fracture shear dilation appears to be less signifi-
cant. Observed and simulated maximum permeability changes at

the DST are within one order of magni-
tude. 

SIGNIFICANCE OF FINDINGS
A solid understanding of the underly-

ing mechanisms for observed THM
responses at the DST, including THM-
induced changes in permeability, is essen-
tial for analysis of THM effects at a future
repository at Yucca Mountain. More o v e r,
the observed and simulated maximum per-
meability changes at the DST are important
information for bounding model pre d i c-
tions of potential changes in rock-mass per-
meability at a future re p o s i t o r y. 
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F i g u re 1. Comparison of simulated and meas-
u red temperature, displacement, and perme-
ability change factors (Rutqvist et al., 2005b)
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